Study design Retrospective cohort study. Objective To evaluate the clinical implementation of a respiratory muscle training group during rehabilitation of individuals with spinal cord injury. Setting Spinal cord injury rehabilitation center. Methods Individuals with complete or incomplete lesions during inpatient rehabilitation, level C4-T12.
Introduction
After a spinal cord injury (SCI), respiratory function is impaired and the degree of impairment depends upon the lesion level [1] . Due to the complete or partial paralysis of the respiratory muscles, the effectiveness of coughing is reduced and the clearance of airway secretions is insufficient [2, 3] . This retention of secretions may increase the airway resistance [4] and may cause respiratory complications such as atelectasis or pneumonia [2, 5] . As a result of high airway resistance, respiratory work increases and may cause respiratory failure and subsequent complications in SCI individuals [6] . Respiratory complications are still among the leading causes of death in individuals with complete SCI [7] with only a slight decrease in mortality over the past 40 years [8] . In chronic SCI, a progressive decrease of respiratory function has been reported [6] . This observed decline in respiratory function exceeds the normal Notation of prior abstract publication/presentation: dmgp-congress in Hamburg, 26th-28th May 2016, Germany; Anja Raab and ISCoScongress in Vienna, 14th-16th September 2016, Austria; Anja Raab. age-related decline [9] . The weakness of respiratory muscles and the inefficiency of breathing predispose individuals with tetraplegia to fatigue of the respiratory muscles [10, 11] . In able-bodied individuals, it has been demonstrated that, like other skeletal muscles, the respiratory muscles can be trained for both strength and endurance [12, 13] . In clinical practice, two main types of respiratory muscle strength training programs have been established, namely inspiratory and expiratory muscle strength training [13] . The degree and severity of respiratory muscle paralysis caused by SCI is usually decisive in choosing either an inor an expiratory training program or a combination of both [13] .
Individual respiratory muscle training may be a central aspect of maintaining health and quality of life in this group of individuals with SCI. Additionally, respiratory function improves during inpatient rehabilitation due to spontaneous recovery [4, [14] [15] [16] . However, it has not yet been established, whether and to what extent the spontaneous recovery of respiratory function can be increased by specific respiratory muscle strength training. A statistically significant effect of respiratory muscle training on lung volume as well as on in-and expiratory muscle strength has recently been demonstrated for individuals with cervical SCI [3] . Unfortunately, no specific analyses regarding the efficacy of in-or expiratory muscle training or even a combination of both have been performed. However in the clinical routine, the question about the more effective training regime is often raised.
The purpose of this project was to evaluate the clinical implementation of a respiratory muscle training group during initial rehabilitation of individuals with SCI. Our main hypothesis was that significant differences in the respiratory muscle strength and lung volume can be reached by different respiratory muscle training regimes.
Methods

Design and setting
A retrospective cohort study was performed in a single SCI rehabilitation center. The study had been approved by the ethics committee. We certify that all applicable institutional and governmental regulations concerning the ethical use of data of human volunteers were followed during the course of this research.
Study population
Male and female inpatients with a primary diagnosis of traumatic or non-traumatic SCI, American Spinal Injury Association Impairment Scale (AIS) A-D, lesion level between C4-T12, aged 18 years or older who had participated in the respiratory muscle training group of the clinic from October 2010 to August 2015 and who had completed a minimum of 10 training sessions were included.
Persons with progressive neurological diseases such as multiple sclerosis or amyotrophic lateral sclerosis were excluded as well as persons with time post injury ≥1 year, tracheostomy, mental disorders, acute or progressive respiratory diseases, bronchodilators or any other medication that could have influenced respiratory function at the time of assessment.
Respiratory training and measurements
Respiratory training
The respiratory muscle training group is part of our clinical routine since 2010. The individuals performed the respiratory muscle training in a sitting position in their own wheelchair or on a chair (persons with the ability to walk). Up to five training sessions per week were performed in the group setting, supervised by a physiotherapist. The repetitions per training were defined individually with a target of 80-90 repetitions. After each training session, the training resistance and count of training repetitions were recorded for each person. The "Borg Rating of Perceived Exertion" (RPE) was used to document the person's self-rated exertion during each training session. The exertion is rated on a scale of 6-20, where 6 represents "no exertion at all" and 20 "maximal exertion". Four different training devices (IMT®, PEP®, Powerlung BreatheAir®, and Powerlung Trainer®) were used for the training. The training device for isolated inspiration (Threshold IMT®, Philips Respironics, USA) is a small handheld device, which includes a mouthpiece and a spring-loaded valve. The valve provides a constant inspiratory pressure training load, and the persons must generate a sufficiently negative pressure in order to open the inspiratory valve and inhale air. The valve is calibrated and can be adjusted (9-41 cmH 2 O) according to the individuals maximal inspiratory pressure (PI max ). The training device for expiration (Threshold PEP®, Philips Respironics, USA) has the identical principle as the IMT®. The difference is that the persons must generate a positive pressure (5-20 cmH 2 O) in order to open the expiratory valve and exhale air. The Powerlung BreatheAir® (PowerLung, Inc., Houston, TX, USA) is a small handheld device with a mouthpiece and two control dials with which the inspiratory and the expiratory resistance can be adjusted independently. The Powerlung Trainer® (PowerLung, Inc., Houston, TX, USA) has the same principle but offers slightly higher levels of resistance. Therefore, the individuals who were using the Powerlung® devices did in-and expiratory muscle training together, with an inspiratory resistance during inspiration and an expiratory resistance during expiration.
The respiratory muscle training was planned to start with the device set at 80% of the assessed PI max and maximal expiratory pressure (PE max ) at best. Once a person was able to perform the training session with less effort (RPE) than the session before, the resistance was increased by the responsible physiotherapist.
Respiratory function measurements
Measurements of lung function and respiratory muscle strength were performed as part of the clinical routine. Respiratory function measurements were performed before the start of the respiratory muscle training (t1) and after the end of participation in the respiratory muscle training group (t2). Lung function parameters were measured according to the ATS/ERS guidelines [17] . The following parameters were measured by body plethysmography (Master Screen® Body, Viasys Healthcare GmbH, Hoechberg, Germany): forced vital capacity (FVC), forced expiratory volume in 1 s (FEV 1 ), and peak expiratory flow (PEF). Maximal inspiratory pressure and PE max were measured using a respiratory pressure meter (Micro RPM, Micro Medical, Hoechberg, Germany). For all respiratory function measurements, the individualss had to breathe through a mouthpiece while wearing a nose clip. Sniff nasal inspiratory pressure (SNIP), as a simple and reliable method of measuring diaphragmatic muscle strength, was additionally measured with a handheld meter (Micro RPM, Micro Medical, Hoechberg, Germany). Each lung function measurement was performed at least three times. The highest value of each parameter was used for analyses.
Statistical analysis
The data of a person were included for analysis if lung function measurements before (t1) and after participation in the respiratory muscle training group (t2) were available and if at least 10 respiratory resistance training sessions had been performed. The differences between the respiratory function values measured before and those after respiratory muscle training was calculated for each individual.
Two training types were analyzed: (1) inspiratory muscle training (2) combined in-and expiratory muscle training. Persons who were assigned to the inspiratory group performed the training only with the IMT® device and those who were assigned to the combined group trained with a combination of the IMT® or the PEP® device and one of the Powerlung® devices. The data were further analyzed for individuals with motor complete lesions (AIS A/B) and with motor incomplete lesions (AIS C/D). Normal distribution of the data was tested using QQ plots. Normal distributed data are presented as mean (standard deviation) and not normal distributed data as median (25 and 75% quartiles). Depending on the distribution of the data, paired t-tests or Mann-Whitney U tests were used to compare the training-specific parameters (between-group differences) and paired t-tests or Wilcoxon tests were used to investigate differences in respiratory function between the t1 and t2 measurements (within-group differences). Statistical significance was set at alpha ≤0.05. Benjamini Hochberg correction with a defined false-positive rate of 5% was used to adjust for multiple testing. All statistical analyses were performed using SPSS (Version 24.0, IBM, Somers, NY, USA).
Results
In total, 303 persons participated in the respiratory muscle training group. Overall, 224 individuals were excluded due to various reasons (Fig. 1) . Thus, the data of 79 persons were analyzed (Fig. 1) . The demographic data of the individuals are presented in Table 1 , and their training-specific data are presented in Table 2 .
Inspiratory muscle training
The respiratory function parameters before and after inspiratory muscle training are presented in Table 3 . The pre-post training differences in percent improvement from pre-training values of respiratory parameters in individuals with motor complete and incomplete lesions are presented in Figs. 2 and 3 . The exertion during inspiratory training was classified as a mean of 13 ± 1 (maximum 20) on the RPE scale. The value 13 on the RPE scale is defined as "somewhat hard exercise, but it still feels OK to continue". 
Combined in-and expiratory muscle training
The respiratory function parameters before and after combined in-and expiratory muscle training are presented in Table 4 . The pre-post training differences in percent improvement from pre-training values of respiratory parameters in individuals with motor complete and incomplete lesions are presented in Figs. 2 and 3 . The exertion during combined in-and expiratory training was classified as a mean of 14 ± 1.
Discussion
Both in-and combined in-and expiratory muscle training increased lung function and respiratory muscle strength on median by 27% ( Figs. 1 and 2 ). An increase of about 30% (Fig. 2) in the respiratory muscle strength parameters after the inspiratory muscle training and in the lung function parameters of about 17% (Fig. 3) could be achieved. The combined in-and expiratory muscle training improved the respiratory muscle strength parameters on average by 34% (Fig. 2 ) and the lung function parameters by about 27% (Fig. 3) . Even if the combined training regime was conducted with much higher training volumes (repetions per training session and number of weeks) compared to the inspiratory muscle training, relative improvements did not differ substantially between the two training regimes. On the other hand, relative training resistances (intensity) were quite similar in both training regimes.
Respiratory muscle strength
Generally, PI max as well as PE max were increased by both respiratory training regimes ( Fig. 2) with a statistically significant improvement in PI max in individuals with motor complete and those with motor incomplete lesions (Tables 3  and 4 ). The principal intention of an expiratory muscle strength training is to boost the strength of the expiratory muscles [13] and the identical intention for the inspiratory muscle training and the inspiratory muscles. The greatest expansion after the respiratory resistance training is especially remarkable with PE max after the inspiratory muscle training in individuals with motor incomplete lesions (Fig. 2) . However, it is difficult to explain the differences in improvements between the four groups, since various influences as, e.g., differences in training volume, distribution of indivduals with para-and tetraplegia as well as spontaneous recovery may all have influenced the improvements and overlay isolated training effects. Interestingly, the SNIP values that mirror the force of the diaphragm and therefore should be stimulated mainly by inspiratory efforts, improved significantly after the combined in-and expiratory training in the motor complete and incomplete group, but not after isolated inspiratory muscle training (Table 4) . Since the diaphragm contains more aerobic muscle fibers, probably the higher training volume in the combined training regime may have caused this difference. The PI max at baseline was greater than the PE max in all individuals regardless of the lesion group and the type of training, with the exception of individuals with motor incomplete lesions receiving combined training (Tables 3   Table 1 Characteristics of participants All data are reported as median (with 25% and 75% quartiles) unless indicated otherwise AIS American Spinal Injury Association Impairment Scale, A/B motor complete lesion, C/D motor incomplete lesion and 4). This is the logical consequence of the innervation of the respiratory muscles depending on the grade and level of lesion. Generally with higher lesion levels, the expiratory muscles are more impaired than the inspiratory muscles and therefore, inspiratory muscle strength is higher compared to expiratory muscle strength in individuals with SCI and particularly in those with tetraplegia [6, 18] . In any case, maximal respiratory pressure appears to be a more useful marker to detect weakness in respiratory muscles compared to lung volumes [19] .
Lung volumes
We could demonstrate a statistically significant improvement in FVC of 14-34% from baseline values in the motor complete as well as in the motor incomplete group, both after the isolated inspiratory as well as after the combined in-and expiratory muscle training (Fig. 3) . Improvements in lung volumes after respiratory muscle strength training are apparently the consequences of higher in-and expiratory muscle strength since respiratory muscles are able to expand and compress the lungs to a higher extent which leads to increases in lung volumes. The FVC is defined as the total volume of air a person is able to exhale for the total duration of the test during maximal effort [20] . After a complete cervical lesion, individuals can only breathe with the movement of the diaphragm and accessory muscles around the neck. Therefore, individuals with tetraplegia reach much smaller values of FVC compared to paraplegics or ablebodied with a reduction of FVC to 30-50% of normal values [1] . Thus, the improvements in lung volumes found in this study are clinically relevant and may also justify the efforts to implement regular respiratory strength traning.
The FEV 1 is the total volume of air that has been exhaled at the end of the first second of maximal forced expiration [20] . A recent Cochrane Review [3] identified no improvement in FEV 1 after respiratory muscle training, however, our results show a statistically significant increase of 11-28% in FEV 1 in all groups independent of the training regime (Fig. 3) . This finding may be also important for secretions clearance, as FEV 1 represents the ability to forcefully exhale air. Thus, a higher FEV 1 and FVC seem to be protective against respiratory illness [21] , and therefore respiratory muscle training should be an integral part of the clinical practice.
Furthermore, PEF, an even more important parameter for coughing [22] , increased between 13 and 25% (Fig. 3) . For an effective cough, an 85-90% lung insufflation is required to achieve the maximum expiratory flow [2] . The inspiratory muscle weakness after an SCI restricts the pre-cough volumes and an effective cough for secretions clearance cannot be produced [2] . That is why our improvements in PEF after respiratory resistance training may also have a high clinical relevance for prevention of respiratory complications.
However, it has to be taken into account that improvements of 21 and 25% in the motor complete group did not reach statistical significance. This can be explained by the very low sample size, since PEF has not been measured in all individuals of this groups (Tables 3 and 4) .
Training parameters
Regarding training-specific parameters, our training duration was~15 min, 3 days per week during 7-13 weeks (Table 2 ). These parameters lie in the middle of the reported values of a recent Cochrane review, which reported a daily training duration from 10 to 60 min, 3 to 7 days per week for a period of 4 to 12 weeks [3] . Interestingly, training volume of the group who performed the combined in-and expiratory muscle training was much higher, i.e., more repetitions per training session and nearly twice of total training weeks, compared to the group who performed isolated inspiratory muscle training. Nevertheless, relative improvements compared to baseline values (Figs. 2 and 3) were quite comparable between the two groups. n.a.
All data are reported as median (with 25% and 75% quartiles) AIS American Spinal Injury Association Impairment Scale, A/B motor complete lesion, C/D motor incomplete lesion, n.a. not applicable a Significant difference p ≤ 0.05
Considering relative training intensity, the two groups were comparable with an inspiratory training resistance of 33 and 39% of baseline PI max , respectively (Table 2 ). This may create the hypothesis that training intensity may have a higher impact on improvements in respiratory function than training volume. This should be addressed in a future study and may be of high clinical impact. Independent of our training stimuli which may have been below the optimal intensity [23] , an improvement in respiratory function could be achieved, but on the other hand, we do not yet know how Fig. 2 The pre-post training differences in % (median ± 95% confidence intervall) of respiratory muscle strength parameters before and after the inspiratory and the combined in-and expiratory muscle training in individuals with motor complete (AIS A/B) and incomplete (AIS C/D) lesions. PI max maximal inspiratory pressure, PE max maximal expiratory pressure, SNIP sniff nasal inspiratory pressure Fig. 3 The pre-post training differences in % (median ± 95% confidence interval) of respiratory lung function parameters before and after the inspiratory and the combined in-and expiratory muscle training in individuals with motor complete (AIS A/B) and incomplete (AIS C/D) lesions. FVC forced vital capacity, FEV 1 forced expiratory volume in 1 s, PEF peak expiratory flow high the improvement could have been with higher training intensities.
Limitations
Respiratory muscle strength is affected by both in-and expiratory muscle training and therefore, there might have been an interaction of effects in the combined in-and expiratory muscle training group [24] . However, the evaluated data clearly demonstrated the positive effect of isolated inspiratory as well as combined in-and expiratory muscle training on respiratory function parameters in individuals with SCI. Due to the retrospective analysis of a clinical implementation of respiratory muscle training, no control group was included and no systematic group allocation was performed.
Spontaneous improvement of the respiratory function parameters occurs [4, 14, 25, 26] , however, the training effect on respiratory muscle strength is more pronounced [15] . The improvement in lung function in our study was similar to the magnitude reported for natural recovery, but lung function also depends on other factors (e.g., gender, age, and height) apart from respiratory muscle training. Respiratory muscle training mainly aims to improve respiratory muscle strength.
There is a preponderance of motor incomplete individuals with tetraplegia in our sample (Table 1) , as a result of the higher proportion of incomplete individuals with tetraplegia in the SCI population [27] . This study mirrors the clinical situation without the potential influence of over-motivation generated by the participation in a study [28] .
Clinical relevance
Independent of the training regime, from our point of view respiratory muscle training should be an integral part of the therapy. In order to assess and adapt the individual respiratory muscle training, repeated measurements of the respiratory function are needed. Recommendations for respiratory muscle training in hospital or community settings need to be developed and implemented in therapeutic practice. Furthermore, respiratory muscle training may be an useful way to reduce the rate of pneumonia due to the improvement of PI max [29] . In conclusion, respiratory muscle training revealed a great effect on improvements in respiratory function parameters and especially in respiratory muscle strength with improvements of up to 70% from baseline values. Even if the combined respiratory muscle training was performed with more repetitions per training and nearly twice as long, relative improvements of respiratory function parameters were comparable with isolated inspiratory muscle training. Therefore, future research should focus on the effects of training intensity.
The clinical implementation of a respiratory muscle training group during initial rehabilitation for individuals with SCI seems to be worthwhile.
